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(57) ABSTRACT

A device for providing a calibration fluid, in particular a
nitrogen oxide, for calibrating a respiratory gas analysis
device, includes a first interface for connecting a chamber of
the device to a measurement path of the respiratory gas
analysis device, a first opening for introducing a reactant
carrier with a first reactant into the chamber, and a contact
clement. The contact element 1s arranged in the chamber
relative to the first opening such that when the reactant
carrier 1s introduced, a contact of the contact element with
the reactant carrier 1s facilitated in order to trigger a chemi-
cal reaction of the first reactant so as to generate the
calibration fluid. The disclosure further relates to a system,
a reactant carrier, and a method for providing a calibration
fluid for calibrating a respiratory gas analysis device.
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DEVICE, SYSTEM, AND METHOD FOR
PROVIDING A CALIBRATION FLUID FOR
THE CALIBRATION AND QUALITY
CONTROL OF A RESPIRATORY GAS
ANALYSIS DEVICE

This application 1s a 35 U.S.C. § 371 National Stage
Application of PCT/EP2018/060739, filed on Apr. 26, 2018,
which claims the benefit of priority to Serial No. DE 10 2017
207 429.9, filed on May 3, 2017 1n Germany, the disclosures
of which are incorporated herein by reference in their
entirety.

BACKGROUND

By means ol quantitative measurements of analytes in
exhaled air, certain respiratory diseases can be detected and
monitored. For example, by determining the nitrogen mon-
oxide concentration in exhaled aitr, the degree of inflamma-
tion of the lungs in the case of asthma can be estimated.

The determination of the nitrogen monoxide concentra-
tion can be carried out using a device disclosed in EP
1384069 B1 by converting nitrogen monoxide to nitrogen
dioxide and then measuring the nitrogen dioxide concentra-
tion by means of a field-ellect-transistor-based gas sensor in
the device. To that end, the gas sensor has on 1ts gate
clectrode a sensitive layer for the accumulation of nitrogen
dioxide. In order to regenerate the gas sensor, and 1n
particular the sensitive layer, after a measurement, flushing
of the sensitive layer with heating 1s necessary. However, 1t
1s thereby generally not possible to completely remove
nitrogen dioxide which has accumulated on the sensitive
layer and other species which interfere with the measure-
ment.

SUMMARY

Against this background, the disclosure relates to a
device, a system and a method for providing a calibration
fluid, 1 particular a nitrogen oxide, for the calibration of a
respiratory gas analysis device.

The device for providing a calibration fluid comprises a
first iterface for connecting a chamber of the device to a
measurement path of the respiratory gas analysis device. The
device further comprises a first opeming for the introduction
ol a reactant carrier having a first reactant into the chamber,
and a contact element. The contact element 1s so arranged 1n
the chamber relative to the first opening that, when the
reactant carrier 1s introduced, contact of the contact element
with the reactant carrier for initiating a chemical reaction of
the first reactant to produce the calibration fluid 1s made
possible.

A calibration fluid 1s to be understood as being 1n par-
ticular a gas or a gas mixture of a specified composition so
that, by using the calibration fluid, well-defined calibration
of the respiratory gas analysis device 1s possible. The
calibration fluid can comprise nitrogen oxides, in particular
nitrogen monoxide and/or nitrogen dioxide. A respiratory
gas analysis device 1s to be understood as being in particular
a device for measuring analytes 1n exhaled air, also called an
istrument for respiratory gas analysis, for example a device
disclosed in EP 1384069 B1 for measuring nitrogen mon-
oxide 1n exhaled air on the basis of a conversion of nitrogen
monoxide to nitrogen dioxide and measurement of the
nitrogen dioxide concentration. The first interface can in
particular be a connection for the respiratory gas analysis
device, for example part of an 1 particular interlocking
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connection with the respiratory gas analysis device, for
example part of a clip connection or part of a plug-in
connection. The first interface can comprise a closable
opening between the chamber of the device and a region
outside the device. The chamber 1s 1n particular a cuboid-
shaped, for example cube-shaped, or cylinder-shaped cavity
in the device, wherein the volume of the cavity is specified
for a well-defined volume of the calibration fluid, 1 par-
ticular calibration gas, to be produced in the chamber. The
first opening can 1n particular be 1n the form of a slot for the
introduction of a reactant carrier in strip form. The contact
clement 1s to be understood as being 1n particular a structure
arranged 1n the chamber. In particular, the contact element 1s
configured to initiate the chemical reaction with the first
reactant for producing the calibration fluid on introduction
of the reactant carrier via the first opening.

The device according to the disclosure has the advantage
that the respiratory gas analysis device can be re-calibrated
in a simple manner after previous use. In addition, the
cllectiveness of a previous flushing of the gas sensor of the
respiratory gas analysis device can advantageously be
checked. Via the specification of the chemical reaction for
producing the calibration fluid and the amounts of reactants
involved therein, and via the well-defined volume of the
chamber of the device, a well-defined concentration of
calibration fluid for the calibration measurement can be
supplied to the respiratory gas analysis device. The disclo-
sure thus advantageously allows the measured concentration
to be compared in a simple manner with the specified
concentration in order to check the measurement accuracy.
As a result, a quality control of the device can also be carried
out 1n a simple manner, 1n particular when the device 1s used
in the field. It 1s further advantageous that, for providing the
calibration fluid, 1t 1s not necessary to provide a connection
to a flmid line or to a storage container for fluid, 1n particular
a connection to a gas line or a pressurized gas bottle. In
particular because no storage container for tluid 1s required
and the calibration flmd can be produced only when it 1s
actually needed, the device can advantageously be compact
and space-saving in construction. Producing the calibration
fluid only when 1t 1s actually needed additionally has the
advantage that the calibration fluid can always be freshly
produced and thus generally has a higher quality and/or
stability compared with a stored calibration fluid.

Preferably, the contact element comprises a structure, 1n
particular a projection, for contacting the reactant carrier
which has been introduced. The structure can thereby be so
arranged and configured relative to the first opening that 1t
limits the introduction of the reactant carrier into the cham-
ber to a specific degree. The contact element, on account of
the barrier to turther introduction, thus advantageously also
gives the user haptic feedback, transmitted via the reactant
carrier, when the reactant carrier touches the projection of
the contact element. The structure can thereby be integrally
formed with a wall of the chamber. In particular, the
structure can be configured for fixing the reactant carrier 1n
the chamber. For example, the structure can comprise one or
more projections, recesses and/or walls which enclose the
reactant carrier at least 1n part and thereby prevent a move-
ment 1 particular transversely to the msertion direction nto
the chamber. For example, the structure comprises an at least
partially U-shaped enclosure for the reactant carrier which
has been 1ntroduced.

In a particularly advantageous further development of the
disclosure, the device comprises a movable piston or
plunger for displacing via the first interface the calibration
fluid which has been produced. Preferably, the piston or
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plunger 1s movable along a longitudinal axis 1n the direction
towards the first interface, wherein the piston or plunger
preferably has a surface which completely fills a cross-
sectional surface of the preferably cuboid-shaped or cylin-
der-shaped chamber transversely to the longitudinal axis.
This allows a well-defined displacement of calibration flmd
situated between the surface of the piston or plunger and the
cross-sectional surface through an opening of the first inter-
face ito the measurement path of the respiratory gas
analysis device connected to the first interface.

The device can comprise a slider which 1s operable from
outside the device and which 1s connected to the piston or
plunger for moving the piston or plunger. Alternatively or in
addition, 1n a particular embodiment of the disclosure the
device comprises a drive for moving the piston or plunger.
The drive can 1n particular be an electric motor which 1s
connected to an electrical controller of the device. This has
the advantage that a user of the device can effect a displace-
ment of the calibration flmd out of the chamber 1nto the
respiratory gas analysis device without applying force.

In a particularly advantageous further development of the
disclosure, the contact element comprises a heater for heat-
ing the first reactant. The heating can advantageously serve
to 1nitiate a chemical reaction of the first reactant for
producing the calibration fluid, in particular a calibration
gas, for example via oxidation of the first reactant. The
heater can advantageously be adapted to heat to a specified
reaction temperature in order to provide a defined tempera-
ture for the first reactant.

According to an advantageous embodiment of the disclo-
sure, the contact element comprises an electrical conducting
contact surface for electrical contact with the reactant carrier
which has been introduced. The device can be adapted to
detect, via the electrical contact, the presence of a reactant
carrier which has been itroduced into the device. The
device can further be adapted, 1n the case of such a detection,
to eflect an activation for producing the calibration gas, for
example via an activation of the heater of the contact
clement. For example, the contact element can be adapted.,
via the electrical contacting of the reactant carrier with the
contact surface of the contact element, to close a current
circuit for supplying current to the heater. This has the
advantage that heating of the reactant carrier can take place
immediately after it has been inserted into the first opening.
Furthermore, the device, in particular the contact element,
can comprise a temperature sensor for determining the
temperature in the chamber and/or for determining the
temperature of the reactant carrier. Preferably, the contact
clement 1s thereby also 1n the form of a temperature sensor,
in particular in the form of a resistance thermometer. The
device can thereby be adapted to control a regulation of the
heater via the determination of the temperature.

In a further advantageous embodiment of the disclosure,
the contact element comprises a second reactant. This 1s
advantageous 1n particular when the production of the
calibration fluid 1s to take place via a reaction of two
reactants. The first reactant 1s introduced via the reactant
carrier and brought into contact with the second reactant
previously deposited on the contact element. If necessary for
the chemical reaction, the first and/or second reactant can be
brought to a specified temperature for starting the chemaical
reaction via the heater, which 1s preferably present, of the
device. If three reactants are required for the chemical
reaction for producing the calibration fluid, two of the
reactants, preferably already mixed with one another, can be
previously deposited either on the reactant carrier or on the
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contact element, and the third reactant can be previously
deposited on the contact element or on the reactant carrier.

In a further advantageous embodiment of the disclosure,
the contact element comprises an opening element, 1n par-
ticular a pin, a needle, a projection or a plunger, for opening
a container of the reactant carrier in order to release the first
and/or second reactant from the container. This 1s advanta-
geous 1n particular when reactants for producing the cali-
bration fluid are m liquid form. The opening element can
preferably be so oriented relative to the first opening that,
when the reactant carrier 1s introduced into the chamber via
the first opening, the opening element eflects opening of the
container. In other words, when the user of the device inserts
the reactant carrier into the first opening, he also efiects
opening of the container at the same time. In the case of a
needle or a pin, the needle or the pin can for that purpose
extend 1n the direction towards the first opening. In the case
of a plunger or projection, the plunger or projection can be
so arranged that the container of the reactant carrier breaks
open under the action of the force of the reactant carrier
against the projection or plunger.

In an advantageous further development of the disclosure,
the device can be configured as part of a charging device or
charging station for the respiratory gas analysis device, 1n
particular for electrically charging an energy store of the
respiratory gas analysis device. This has the advantage that
the two functions of charging and calibration can be accom-
modated compactly 1n a common device. The disclosure
accordingly also provides a charging device, 1n particular a
charging station, for a respiratory gas analysis device com-
prising a device according to the invention disclosure.

The disclosure also provides a reactant carrier for the
chemical production of a calibration fluid 1n a device accord-
ing to the disclosure for the calibration of a respiratory gas
analysis device, wherein the reactant carrier 1s in particular
in strip form and comprises a first reactant and a heater, 1n
particular a microsystem heater, wherein the heater 1s
arranged beneath the first reactant. The reactant carrier has
the advantage that the heater and the first reactant arranged
next to 1t can be provided together for the device according
to the disclosure. Furthermore, the reactant carrier can be
used multiple times by applying new reactants. Moreover, a
heater does not have to be provided 1n the device according
to the disclosure and, depending on the reactants, a reactant
carrier with or without a heater can be introduced 1nto the
device.

Preferably, the reactant carrier comprises an electrical
contact surface which 1s connected to the heater. The reac-
tant carrier can be adapted to start the heater when electrical
contact 1s made via the contact surface, that 1s to say when
an electric potential or a current 1s applied via the contact
surface. Preferably, electrical contact can take place via the
above-described electrical contact surface of the contact
clement.

As stated above, the disclosure additionally provides a
system for providing a calibration fluid, in particular a
nitrogen oxide, for the calibration of a respiratory gas
analysis device. The system comprises a device according to
the disclosure or a charging device according to the disclo-
sure for the respiratory gas analysis device comprising the
device according to the disclosure. The system further
comprises a reactant carrier, 1n particular the reactant carrier
according to the disclosure, having a first reactant for the
chemical production of the calibration fluid.

The disclosure further provides a method for calibrating a
respiratory gas analysis device. In a first step, the respiratory
gas analysis device 1s connected to a device for providing a
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calibration fluid, wherein the connection of the respiratory
gas analysis device to the device takes place via a first
interface of the device. In a second step, a reactant carrier
having a first reactant 1s mtroduced into a chamber of the
device. Alternatively, the second step can also take place
betfore the first step. In a third step, the calibration fluid, in
particular comprising one or more different nitrogen oxides,
can be produced in the chamber via a chemical reaction of
the first reactant. In a fourth step, the calibration fluid 1s
introduced into a measurement path of the respiratory gas
analysis device for the calibration of the respiratory gas
analysis device.

With regard to the advantages of the method according to
the disclosure and the following advantageous further devel-
opments and embodiments, reference 1s also made to the
corresponding further developments and embodiments of
the device according to the invention disclosure mentioned
above.

In a particularly advantageous embodiment of the
method, the introduction of the calibration fluid into the
measurement path 1s assisted by suction by means of a pump
of the respiratory gas analysis device.

According to an advantageous further development of the
method, at least a portion of the reactant carrier which
comprises the first reactant 1s heated to a reaction tempera-
ture via a heater of the device.

In a further particularly advantageous embodiment of the
method, copper nitrate introduced into the chamber via the
reactant carrier for producing nitrogen dioxide as calibration
fluid 1s heated by the heater. The use of copper nitrate has the
advantage that, in order to produce nitrogen dioxide, copper
nitrate has only to be heated, without the addition of further
substances, preferably to 180° C. at normal pressure.

According to an advantageous further development of the
method, the method 1s repeated with different reactant
carriers having different amounts of first reactant. This has
the advantage that the calibration of the respiratory gas
analysis device can be checked over a wide measuring range
and adjusted where necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the disclosure are shown
schematically in the drawings and explained 1n greater detail
in the following description. For the elements shown 1n the
various figures and having similar actions, the same refer-
ence numerals are used, wherein a repeated description of
the elements 1s not made.

In the figures

FIGS. 1 to 4 show schematic representations of exem-
plary embodiments of the system according to the disclosure
and of the device according to the disclosure,

FIG. 5 shows a schematic representation of an exemplary
embodiment of the reactant carrier according to the disclo-
sure, and

FIG. 6 15 a flow diagram relating to an exemplary embodi-
ment of the method according to the disclosure.

DETAILED DESCRIPTION

FIG. 1 shows an exemplary embodiment of a system 1000
according to the disclosure comprising an exemplary
embodiment of a device 100 according to the disclosure for
providing a calibration fluid, in particular a mitrogen oxide,
for the calibration of a respiratory gas analysis device 20.

The device 100 comprises a first iterface 110 for con-
necting a chamber 101 of the device 100 to a measurement
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path 21 of the respiratory gas analysis device 20. The device
100 further comprises a first opening 120 for introducing a
reactant carrier 10 having a first reactant 11 1nto the chamber
101, and a contact element 140. The contact element 140 1s
so arranged 1n the chamber 101 relative to the first opening,
120 that, when the reactant carrier 10 1s introduced, contact
of the contact element 140 with the reactant carrier 10 for
initiating a chemical reaction of the first reactant 11 to
produce the calibration fluid 1s made possible.

The chamber 101 can thereby have a volume, that 1s to say
a capacity for the calibration flmd, of, for example, 500
milliliters. For example, the chamber 101 has a cylindrical
shape with a radius of 6 or 5 centimeters and a height of 4.4
or 6.4 centimeters. Alternatively, the chamber 101 can have
a cuboid shape with a base area of, for example, 7 by 7
centimeters or 8 by 8 centimeters and a height of 10.2 or 7.8
centimeters. The walls of the chamber 101 can comprise a
heat-resistant plastics material, for example polyether ether
ketone (PEEK), polyphenylene sulfide (PPS) and/or poly-
tetrafluoro-ethylene (PTFE). Alternatively or in addition, the
chamber 101 can also comprise a coating which delimits the

volume of the chamber 101, for providing heat resistance
relative to the chemical reaction, for example likewise
PEEK, PPS and/or PTFE. For an additional cooling func-
tion, the walls of the chamber 101 can comprise cooling ribs
or fluid channels for a cooling fluid, for example air.

As 1s shown in FIG. 1, the first opening 120 can 1n
particular be 1n the form of a slot for the mtroduction of a
reactant carrier 10 1n strip form. Preferably, the first opening
120 can be closed when no reactant carrier 10 1s introduced,
for example via a flap.

The reactant carrier 10, as 1s also shown 1n FIG. 5, 1s 1n
strip form, for example like a test strip known from medical
technology. In this example 1t comprises a carrier material,
for example of plastics materal, to one end of which the first
reactant 11 1s applied, for example, as shown, 1n a depres-
sion. For example, the strip has a length of 50 millimeters,
a width of 5 mm and a height of 1 millimeter. Preferably, the
dimensions of the first opening 120 are adapted to that width
and height.

FIG. 1 further shows that the contact element 140 com-
prises a structure in the form of a projection 144 as a limit
for the 1nsertion of the reactant carrier 10. For example, the
projection 144 has the same width as the reactant carrier 10.
FIG. 2 shows a plan view of the contact element 140 and the
reactant carrier 10, from which it 1s apparent that the contact
clement 140 comprises further structures 160, 1n particular
walls or projections for fixing the reactant carrier 10 in the
chamber 101. As shown, these structures 160 can thereby
enclose the reactant carrier 10 at least 1n part in a U-shape,
in order to prevent lateral movement of the reactant carrier
10 relative to the first opening 120. For example, the
structures have a thickness of a few millimeters and a height
comparable to the reactant carrier 10 of a few millimeters.
The structures 144, 160 can comprise the same plastics
maternals as the walls of the chamber 101 and be integrally
formed, for example, with a wall 102 of the chamber 101.

In this exemplary embodiment, the contact element 140
further comprises a heater 141 for heating a portion of the
reactant carrier 10, 1n particular the portion that comprises
the first reactant 11. The heater 141 can be, for example, a
resistance heater. In particular, the heater can be a DSC chip
known from DE 10 2009 056 338 Al. Alternatively, it 1s also
possible for the reactant carrier 10 to comprise the heater
141, as shown 1n FIG. 5. The heater 141 1s thereby arranged
beneath the first reactant 11.
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The first reactant can be, for example, copper nitrate
((Cu(NO,),)) in solid form, which decomposes by heating
to, for example, 180° C. to copper oxide, oxygen and
nitrogen dioxide. The nitrogen dioxide thereby produced
forms the calibration fluid in this example. Nitrogen mon-
oxide 1s present 1n respiratory air 1n a concentration of not
more than approximately 200 ppb (parts per billion). For the
calibration or checking of the calibration of the respiratory
gas analysis device 20, which in this example 1s based on the
device disclosed in EP 1384069 B1, a similar concentration
must be provided 1n order to be able to perform a measure-
ment 1n the actual measuring range. In order to be able to
carry out an interpolation (not an extrapolation) for deter-
mimng a calibration curve, there 1s to be provided for the
checking preferably nitrogen dioxide in a concentration of
200 ppb, that 1s to say at the upper edge of the measuring
range of the gas sensor of the respiratory gas analysis device
20. As described above, the volume of the chamber 101 1s,
for example, 500 malliliters. It 1s assumed for the sake of
simplicity that this volume 1s filled with air. The required
copper nitrate layer thickness for a base area of 1 square
millimeter can then be estimated as follows. 1 mole of air
corresponds to 6.022*10 23 particles and a volume of 22.4
liters. 500 milliliters of air thus correspond to 1.34*10°22
particles. As described above, 200 ppb thereotf should be
nitrogen dioxide, which in turn corresponds to 2.69*10715
particles or 4.46*10°-9 moles. 1 mole of copper nitrate
yields 2 moles of nitrogen dioxide when heated to 180° C.
Thus, in order to be able to produce 4.46%10-9 moles of
nitrogen dioxide, 2.23*10°-9 moles of copper nitrate are
required. The molar mass ol copper nitrate 1s 187.5558
grams per mole. 2.23*10°-9 moles of copper nitrate accord-
ingly correspond to 4.19%10°-7 grams. With a density of
3.05 grams per cubic centimeter, this gives a volume of
1.37*%10°-7 cubic centimeters. In the case of the base area of
1 square millimeter assumed above, this gives a layer
thickness of 1.37*10°-5 centimeters, that is to say 0.137
micrometers.

The layer thickness of the first reactant 11, in particular
copper nitrate as described above, can be varied in order to
provide calibration fluid, in particular calibration gas com-
prising nitrogen dioxide, in different concentrations. For
example, different reactant carriers 10 with different
amounts of first reactant 11 can be used in order to check the
calibration of the sensor of the respiratory gas analysis
device 20 over a wide measuring range and adjust 1t where
necessary.

As 1s further shown 1n FIG. 1, the first interface 110 1s 1n
the form of a partially interlocking connection for as tight as
possible a connection with the respiratory gas analysis
device 20. The first interface 110 thereby comprises a second
opening 111 which can pretferably be closed, for example via
a tlap. Fluid present 1n the chamber 101, 1n particular the
calibration fluid which has been produced, can thus enter the
measurement path 21 of the respiratory gas analysis device
20 via the second opening. Preferably, the respiratory gas
analysis device 20 comprises a pump 23 arranged in the
measurement path 21, which pump 1s adapted to draw the
fluid over the measurement path 21 by suction and convey
it further into the measuring chamber 22 in which the gas
sensor 24 of the respiratory gas analysis device 20 1s located.

The device 100 further comprises a movable piston 150 or
plunger 150, called a plunger 150 hereinbelow, for displac-
ing the calibration fluid which has been produced into the
measurement path 21 via the second opening 111. The
plunger 150 has a surface which completely {fills a cross-
sectional surface of the chamber 101, which in this example
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1s cuboid-shaped, transversely to a longitudinal axis 152
along which the plunger 150 1s movable. The movement of
the plunger can preferably take place via an electric drive
151, for example via an electric motor. Alternatively or 1n
addition, the device 100 can comprise a slider 153 which 1s
operable from outside the device 100 and which 1s con-
nected to the plunger 150 and can be used by an operator to
move the plunger 150. A wall 102 of the chamber 101 can
thereby comprise a recess for recerving the reactant carrier
10 and the contact element 140 adjoining the reactant carrier
in a flush manner, so that the plunger 150 can be moved over
the reactant carrier 10 and the contact element 140 for the
displacement via the first interface 110 of the calibration
fluud which has been produced. Alternatively, the plunger
150 can have a recess adapted to the dimensions of the
reactant carrier 10 and of the contact element 140.

FIG. 3 shows a further exemplary embodiment of the
system 1000 according to the disclosure and of the device
100 according to the disclosure. It differs from the exem-
plary embodiment according to FIG. 1 1n that the heater 141
of the contact element 140 1s arranged 1n a wall 102, 1n this
example i the base 102, of the chamber 101 in such a
manner that, when the reactant carrier 10 1s inserted as far
as the projection 144, protruding from the wall, of the
contact element 140, the heater 1s located to the side of the
end of the reactant carrier 10 that has the first reactant 11. In
this example, a second reactant 143 1s arranged on the heater
141, so that the first reactant 11 and the second reactant 143
can come 1nto contact. In this exemplary embodiment, the
two reactants can be reactants which, when they react
chemically with one another, release the calibration fluid, 1n
particular a nitrogen oxide such as, for example, nitrogen
dioxide. Advantageously, the heater 141 can thereby assist
the reaction by heating 1n particular the second reactant 143.
The first reactant can be, for example, 1rron(Il) sulfate and the
second reactant can be a mixture of sodium bromide and
sodium nitrite, which 1n a chemical reaction with one
another produce a gas mixture comprising approximately
98.8% nitrogen monoxide and approximately 1.2% nitrogen.

In an alternative embodiment, a second reactant 143 1s not
arranged on the heater 141 and the heater 141 can ellect
heating of the first reactant 11 in order to produce the
calibration fluid, for example heating of copper nitrate 1n
order to produce nitrogen dioxide.

In a further alternative embodiment, a heater 141 1s not
arranged beneath the second reactant 143. This 1s advanta-
geous 1n particular when external heat 1s not required for the
chemical reaction of the two reactants 11, 143.

In the device 100 shown in FIG. 3, the contact element
140 further comprises an electrical conducting contact sur-
tace 145 for electrical contact with the reactant carrier 10
which has been mtroduced. The device 100 can be adapted
to detect via the electrical contact the presence of a reactant
carrier 10 which has been introduced into the device. To that
end, the reactant carrier 10 preferably likewise comprises an
clectrical conducting contact surface 12 or an electrical
contact element 12, as shown 1n FIG. 5. The device 100 can
turther be adapted, 1n the case of such a detection, to ellect
an activation for producing the calibration gas, for example
via an activation of the heater 141 of the contact element
140. For example, the contact element 140 can also be
adapted, via the electrical contacting of the reactant carrier
10 with the contact surface of the contact element, to close
a current circuit for supplying current to the heater 141.

When the reactant carrier 10 comprises the heater 141, the
electrical contact surface 12, or the electrical contact ele-
ment 12, can be connected as shown 1n FIG. 5 to the heater
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141. The reactant carrier 10 can thereby be adapted to start
the heater 141 1n the case of electrical contact via the contact
surface 12, that 1s to say when an electric potential or a
current 1s applied via the contact surface 12. Preferably, the
clectrical contact can take place via the above-described
clectrical contact surface 145 of the contact element 140.

FIG. 4 shows a further exemplary embodiment of the
system 1000 according to the disclosure and of the device
100 according to the disclosure. It differs from the exem-
plary embodiments according to FIG. 1 and FIG. 3 in that
the contact element 140 comprises an opening clement 146
in the form of a pin 146 or a needle 146. The opening
clement 146 can, as shown, preferably be so oriented
relative to the first opening 120 that, when the reactant
carrier 10 1s introduced via the first opening 120 into the
chamber, the opening element 146 ellects the opening of one
or more containers 13, 14 of the reactant carrier 10. As can
be seen 1n FIG. 4, a pointed end of the pin 146 or the needle
146 extends 1n the direction towards the first opening 120.
Accordingly, when a user of the device 100 inserts the
reactant carrier 10 into the first opening 120, he also eflects
opening of the containers 13, 14 of the reactant carrier at the
same time. In this example, the reactant carrier comprises a
first container 13 having the first reactant 11 and a second
container 14 having the second reactant 143, which con-
tainers are pierced 1n succession by the opening element 146
on insertion. The two reactants 11, 143 are thus able to
escape from the containers 13, 14 and mix for the subse-
quent chemical reaction to produce the calibration fluid. This
embodiment of the disclosure 1s thus advantageous 1n par-
ticular for liquid reactants 11, 143.

FIG. 6 shows a flow diagram for an exemplary embodi-
ment of the method 500 according to the disclosure for
calibrating a respiratory gas analysis device. The method
500 can be carried out with one of the above-mentioned
exemplary embodiments of the system 1000 according to the
disclosure and of the device 100 according to the disclosure.
In a first step 501, the respiratory gas analysis device 20 1s
connected to the device 100 for providing a calibration tluid,
wherein the connection of the respiratory gas analysis device
20 to the device 100 takes place via the first interface of the
device 100. In a second step 502, a reactant carrier 10 having
the first reactant 11 1s introduced 1nto the chamber 101 of the
device 100. Alternatively, the second step 502 can also be
carried out before the first step 501. In a third step 503, the
calibration fluid, in particular comprising one or more dii-
ferent nitrogen oxides, 1s produced 1n the chamber 101 via
a chemical reaction involving at least the first reactant 11. In
a fourth step 504, the calibration fluid i1s introduced 1nto the
measurement path 21 of the respiratory gas analysis device
20 for calibration of the respiratory gas analysis device 20,
and the calibration 1s carried out.

Preferably, the introduction of the calibration fluid into the
measurement path 21 1s assisted by suction by means of the
pump 23 of the respiratory gas analysis device 20. Accord-
ing to an advantageous further development of the method,
at least a portion of the reactant carrier 10 which comprises
the first reactant 11 1s heated via the heater 141 of the device
100 to a reaction temperature. In particular, the first reactant
11, as described above, can be copper nitrate and heating can
thus take place preferably to at least 180° C.

The invention claimed 1s:

1. A device for providing a calibration fluid for calibration
ol a respiratory gas analysis device, comprising:

a first iterface configured to connect a chamber of the

device to a measurement path of the respiratory gas
analysis device;
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a first opening configured to receive into the chamber a
reactant carrier structure, on or in which a first reactant
1s disposed; and

a contact element comprising an electrical conducting
contact surface, the contact element arranged in the
chamber relative to the first opening in such a way that,
when the reactant carrier structure 1s imntroduced into the
first opening, the electrical conducting contact surface
clectrically contacts the reactant carrier structure so as
to 1itiate a chemical reaction of the first reactant to
produce the calibration fluid.

2. The device as claimed 1n claim 1, wherein the contact
clement further comprises a projection structure configured
to contact the reactant carrier structure when the reactant
carrier structure has been introduced into the chamber.

3. The device as claimed 1n claim 2, wherein the projec-
tion structure 1s configured to fix the reactant carrier struc-
ture 1n the chamber.

4. The device as claimed 1n claim 1, further comprising:

a movable piston or plunger configured to displace the
calibration fluid through the first interface.

5. The device as claimed 1n claim 1, wherein the contact
clement further comprises a heater configured to heat the
first reactant to a specified reaction temperature.

6. The device as claimed 1n claim 5, wherein the electrical
conducting contact surface 1s configured to electrically con-
tact the heater so as to activate the heater to heat the first
reactant to the specified reaction temperature.

7. The device as claimed 1n claim 1, wherein the contact
clement further comprises a second reactant.

8. The device as claimed 1n claim 1, wherein the contact
clement comprises an opening element configured to open a
container of the reactant carrier structure to release at least
one of the first reactant and a second reactant from the
container.

9. The device as claimed in claim 8, wherein the opening
clement 1s a pin or a projection.

10. The device as claimed 1n claim 1, wherein the device
1s Turther configured to electrically charge an energy store of
the respiratory gas analysis device.

11. The device as claimed 1n claim 1, wherein the cali-
bration fluid 1s a nitrogen oxide.

12. A system for providing a calibration fluid for calibra-
tion of a respiratory gas analysis device, comprising;:

a reactant carrier structure on or in which a first reactant
for the chemical production of the calibration fluid 1s
disposed; and

a device comprising:

a first interface configured to connect a chamber of the
device to a measurement path of the respiratory gas
analysis device;

a first opening configured to recerve the reactant carrier
structure into the chamber; and

a contact element comprising an electrical conducting,
contact surface, the contact element arranged in the
chamber relative to the first opening 1n such a way
that, when the reactant carrier structure 1s introduced
into the first opening, the electrical conducting con-
tact surface electrically contacts the reactant carrier
structure so as to initiate a chemical reaction of the
first reactant to produce the calibration fluid.

13. The system as claimed in claam 12, wheremn the
reactant carrier structure further comprises a heater or a
microsystem heater arranged beneath the first reactant in
such a way that the electrical contact between electrical
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conducting contact surface and the reactant carrier structure
activates the heater to heat the first reactant to the specified
reaction temperature.
14. A method for calibrating a respiratory gas analysis
device, comprising:
connecting the respiratory gas analysis device to a device
for providing a calibration fluid via a first interface of
the device;
introducing a reactant carrier structure on or in which a
first reactant 1s disposed into a chamber of the device 1n
such a way that an electrical conducting contact surface
ol a contact element of the device electrically contacts
the reactant carrier structure;
as a result of the electrical contact, initiating production of |
the calibration fluid via a chemical reaction of the first
reactant in the chamber; and
introducing the calibration fluid into a measurement path
of the respiratory gas analysis device and carrying out

the calibration of the respiratory gas analysis device. 20
15. The method as claimed 1in claim 14, wherein the
introduction of the calibration fluid into the measurement
path 1s assisted by suction of a pump of the respiratory gas

analysis device.
16. The method as claimed in claim 14, the mitiating of

the production of the calibration fluid including, as a result

10
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of the electrical contact, heating at least a portion of the
reactant carrier structure to a reaction temperature via a

heater of the device.

17. A method for calibrating a respiratory gas analysis

5 device, comprising:

connecting the respiratory gas analysis device to a device
for providing a calibration fluid, wherein the respira-
tory gas analysis device 1s connected to the device via

a first interface of the device;
introducing a reactant carrier having a first reactant into a

chamber of the device 1;

heating at least a portion of the reactant carrier to a
reaction temperature via a heater of the device;

producing the calibration tfluid via a chemical reaction of
the first reactant in the chamber; and

introducing the calibration fluid 1into a measurement path
of the respiratory gas analysis device and carrying out
the calibration of the respiratory gas analysis device,

wherein:

the mntroducing of the reactant carrier includes introducing
copper nitrate into the reaction chamber via the reactant
carrier as the first reactant, and

the heating of at least the portion of the reactant carrier
includes heating the copper nitrate with the heater to
produce mitrogen dioxide as the calibration gas.

G ex x = e
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